Programmed cell death 4 (PDCD4) acts as a tumor suppressor gene, which suppresses tumor growth, infiltration and metastasis. Our previous studies demonstrated that PDCD4 had an important role in the development of ovarian cancer and glioma. Recent studies show that PDCD4 is also involved in various inflammatory diseases. However, its exact effect on inflammation remains unclear. In our current study, we explored the role of PDCD4 in acute liver injury induced by lipopolysaccharide (LPS) and D-galactosamine (D-GalN) using wild-type (WT) mice and PDCD4-deficient mice. Our results showed that liver-to-body weight ratios, as well as serum aspartate transaminase (AST) and alanine transaminase (ALT) levels were significantly increased in PDCD4-deficient mice than WT mice. Histological examination, immunohistochemical and TUNEL analysis revealed PDCD4-deficient mice had more necrotic and apoptotic hepatocytes, inflammatory cells infiltration and liver internal hemorrhage than WT mice. In addition, some inflammatory cytokines such as tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6) in the serum and liver tissues were also significantly increased in PDCD4-deficient mice. More importantly, we found that the aggravation of liver tissue injury in PDCD4-deficient mice was due to excessive mitogen-activated protein kinase and NF-kB activation, which induced the release of more inflammatory factors, and consequently resulted in higher levels of hepatocyte necrosis and apoptosis. These results indicate that PDCD4 has a protective role in LPS/D-GalN-induced acute liver injury. This finding may present new opportunities for PDCD4 to be explored as a therapeutic target in acute liver injury.
Programmed cell death 4 (PDCD4) has been identified as a tumor suppressor gene, 1,2 which suppresses tumor growth, infiltration and metastasis by regulating the expression of various genes related to tumor promotion and progression at transcriptional and translational levels. Our previous studies also demonstrated that PDCD4 had an important role in the development of ovarian cancer [3] [4] [5] and glioma. 6, 7 Recent studies show that PDCD4 is also involved in various inflammatory diseases. It has been reported that PDCD4-deficient mice are resistant to streptozotocin-induced type II diabetes and experimental autoimmune encephalomyelitis, 8 and are also protected from the lethality of lipopolysaccharide (LPS). 9 These results indicate that PDCD4 is a pro-inflammation protein. However, some other reports have shown that knockdown of PDCD4 increases TNF-a protein production in LPS-stimulated RAW264.7 macrophages and indicate that PDCD4 is an anti-inflammatory factor. 10 Therefore, the exact role of PDCD4 in inflammatory diseases remains to be investigated.
Intestinal endotoxemia-induced acute liver injury is a common inflammatory disease leading to acute liver failure and death in the clinic. 11 It is induced by cell wall components of Gram-negative bacteria-LPS, which is a potent activator of kupffer cells and endothelial cells. LPS stimulates kupffer cells to produce and release inflammatory factors such as tumor necrosis factor-a (TNF-a), Interleukin (IL)-1b, IL-6, etc. 12, 13 The inflammatory response mainly depends on the activation of mitogen-activated protein kinases (MAPK) and NF-kB pathways. 14 These inflammatory factors, especially TNF-a, can further induce hepatocyte apoptosis and necrosis. During this process, kupffer cells have a crucial role in determining the inflammatory response to LPS and hepatocytes are the major target cells. D-galactosamine (D-GalN) is a kind of amino sugar, which induces the depletion of uridine triphosphate pool and increases the hepatotoxicity of LPS. LPS in combination with D-GalN can induce specific liver injury, but has no effect on other organs, such as the heart, spleen and lung. 15, 16 Therefore, LPS/D-GalN-induced hepatitis is a wellestablished model to mimic liver injury induced by intestinal endotoxemia in a clinical setting. [17] [18] [19] The present study aims to examine the in vivo role of PDCD4 in LPS/D-GalN-induced liver injury using PDCD4-deficient mice and wild-type (WT) mice. We first demonstrated that PDCD4 deficiency exacerbated LPS/DGalN-induced hepatocyte apoptosis and necrosis, and enhanced liver injury in PDCD4-deficient mice was due to an increased release of inflammatory factors induced by excessive activation of the MAPK and NF-kB pathways.
MATERIALS AND METHODS Reagents
Rabbit polyclonal antibodies specific for caspase-3, cleaved caspase-3 (Asp175); ERK1/2, Phospho (p)-ERK1/2 (Thr202/ Tyr204); SAPK/JNK (Jun N-terminal kinase), p-SAPK/JNK (Thr183/ Tyr185); p38 MAPK, p-p38 MAPK (Thr180/ Tyr182) were purchased from Cell Signaling Technology. Polyclonal rabbit anti-phospho-NF-kB p65 (anti-p-p65) (Ser529) was purchased from Abcam. Anti-rabbit IgG conjugated with horseradish peroxidase (HRP) was purchased from Cell Signaling Technology. LPS and D-GalN were purchased from Sigma-Aldrich.
Animal Experiments

PDCD4-deficient (Pdcd4
À / À ) and WT C57BL/6 mice were kindly provided by Dr Youhai Chen, University of Pennsylvania. All animals were fed with sterile water and food under specific pathogen-free conditions. All animal studies were approved by the Animal Care and Use Committee of the Institute of Zoology, Chinese Academy of sciences. PDCD4-deficient mice at the age of 6-8 week and body weight of 16-18 g were used in all the experiments, with age-and sexmatched WT C57BL/6 mice as controls. The animal number per group for every time point is 8. For induction of acute liver injury, mice were administered intraperitoneally LPS (50 g/kg) and D-GalN (800 mg/kg). Mice were killed at 0, 3, 5 h after LPS/D-GalN administration. Blood was obtained from the retro-orbital venous plexus. Serum was collected after centrifugation at 3000 r.p.m. for 10 min at 4 1C. Liver tissues were removed and preserved for subsequent RNA and protein analysis as well as histological studies.
Hematoxylin and Eosin Staining of Liver Sections
For pathological analysis, liver tissues were fixed overnight in 10% formalin solution then dehydrated and embedded in paraffin. Liver sections (4 mm) were stained with hematoxylin and eosin.
Immunohistochemical Analysis of Liver Tissues
The liver tissue sections (4 mm) were subjected to immunohistochemical analysis for cleaved caspase-3 and p-p65 using Histostain-Plus Kit (Beijing 4A Biotech). The sections were deparaffinized in xylene and rehydrated in graded ethanol, followed by antigen microwave retrieval. The slides were blocked with 3% H 2 O 2 and Reagent A (10% goat serum) and then incubated overnight at 4 1C with anticleaved caspase-3 (1:100) or anti-p-p65 (1:50). The slides were successively incubated at 37 1C for 15 min with Reagent B (biotinylated goat anti-rabbit) and Reagent C (Streptavidin/ HRP). Diaminobenzidine was used to show color and followed by counterstaining with hematoxylin.
TUNEL Assay of Liver Sections
Liver sections (4 mm) were deparaffinized and rehydrated. TUNEL assay was performed using the In Situ Cell Death Detection Kit, Fluorescein (Roche). For each liver section per mouse, the number of TUNEL-positive cells in three randomly selected high power fields ( Â 200) was counted under the fluorescence microscopy, and the percentages of TUNELpositive cells (Apoptotic cells %) were calculated.
Analysis of Alanine Transaminase (ALT) and Aspartate Transaminase (AST) in Serum Blood samples were collected at 0, 3, 5 h after LPS/D-GalN administration. After centrifugation, serum samples were stored at À 80 1C. Serum ALT and AST levels were measured by an automatic biochemical analyzer (Siemens, DimensionRLMax) as indicators for hepatocyte degeneration and necrosis.
Analysis of Cytokines in Serum
Serum samples were collected as described above. Serum levels of TNF-a, IL-6, IL-10, MCP-1 (monocyte chemoattractant protein-1) and IL-12p70 were measured with BD Cytometric Bead Array MOUSE Inflammation Kit (Becton, Dickinson and Company) in accordance with the manufacturer's instruction. Serum IL-1b level was determined with an ELISA kit (eBioscience) specific for murine IL-1b according to the manufacturer's instruction.
Analysis of Cytokines mRNA Expression in Liver Tissue by RT-PCR Liver tissues were removed from the mice and frozen immediately in liquid nitrogen. Total RNA was extracted using a modified TRIzol one-step extraction method (Invitrogen). cDNA was synthesized using an Rever Tra Ace qPCR kit (TOYOBO) according to the manufacturer's instruction and
The effect of PDCD4 on acute liver injury X Wang et al amplified with PCRmix (Transgen) and specific primers ( Table 1 ). The PCR products were run on a 2% agarose gel and subjected to densitometric scanning using the Multilmager (BIO-RAD), and the bands were quantified with analysis software (Quantity One).
Western Blot Analysis of Liver Tissues
Liver total proteins were isolated and 40 mg of proteins were separated on SDS-polyacrylamide gel. After electrophoresis, proteins were electrotransferred to PVDF membranes (Millipore, Billerica, MA, USA). The membranes were incubated overnight at 4 1C with 1:1000 dilution of anti-caspase-3, ERK1/2, p-ERK1/2; SAPK/JNK, p-SAPK/JNK; p38 MAPK, p-p38 MAPK, and 1:300 dilution of anti-p-p65, respectively, followed by a 1:2000 dilution of secondary antibodies conjugated with HRP for 1 h at room temperature. Finally, the membranes were visualized by the ECL western blotting detection system according to the manufacturer's instruction. b-actin was used as the loading control. Densitometry analysis was performed to quantify protein bands.
Statistical Analysis
All data were expressed as mean ± s.d. and analyzed using Student's t test. Differences were considered to be significant if P values were o0.05.
Results
PDCD4 Deficiency Promotes Hepatocytes Apoptosis and Necrosis in LPS/D-GalN-induced Acute Liver Injury
To study the roles of PDCD4 in LPS/D-GalN-induced acute liver injury, we injected intraperitoneally LPS and D-GalN in PDCD4-deficient (Pdcd4 À / À ) mice and WT mice. At 3 h after LPS/D-GalN injection, liver-to-body weight ratios were a little high and serum ALT, AST levels were slightly low in PDCD4-deficient mice compared with WT mice, but there were no statistical significant differences. The results of histological examination also showed no significant differences between the two groups. However, 5 h later, liver-to-body weight ratios, serum ALT and AST levels in PDCD4-deficient mice were significantly higher than those in WT mice (Figures 1a, b and c). Histological observation showed that the liver tissues of PDCD4-deficient mice displayed the loss of structural integrity. PDCD4-deficient mice had more obvious degenerative, necrotic hepatocytes and liver internal hemorrhage than WT mice. In addition, the infiltration of some lymphocytes and few neutrophils was also found in the sections of PDCD4-deficient mice ( Figure 1d ).
Hepatocyte apoptosis is another important pathological morphology besides the necrosis of hepatocytes during LPS/ D-GalN-induced acute liver injury. We further addressed the question whether PDCD4 deficiency could affect the hepatocyte apoptosis. There were no significant differences in hepatocyte apoptosis between PDCD4-deficient mice and WT mice at 3 h after LPS/D-GalN injection, but at 5 h after injection, the result of TUNEL assay showed the number of TUNEL-positive cells in liver tissues of PDCD4-deficient mice was significantly increased compared with WT mice (Figures 2a and b) . In addition, the results from the immunohistochemical and western blot analysis showed that the expression of cleaved caspase-3 was significantly higher in the liver tissues of PDCD4-deficient mice than that in WT mice (Figures 2c and d) . These results indicate that PDCD4 deficiency potentiates LPS/D-GalN-induced hepatocyte apoptosis and necrosis, and PDCD4 provides a hepatoprotective effect.
PDCD4 Deficiency Altered Serum Cytokine Levels in LPS/D-GalN-induced Acute Liver Injury
During LPS/D-GalN-induced acute liver injury, hepatocyte apoptosis and necrosis are mainly caused by the release of LPS-induced proinflammatory cytokines, such as TNF-a, IL1b, IL-6, etc. Among them, TNF-a is a key mediator in LPS/ D-GalN-induced acute liver injury. To further examine whether PDCD4 deficiency can alter the expression of inflammatory cytokines, and then increase the susceptibility of LPS/D-GalN administration, we first detected the levels of The effect of PDCD4 on acute liver injury X Wang et al TNF-a, IL-1b, IL-6, MCP-1, IL-10, IL-12p70 in serum. The results showed that serum TNF-a levels in PDCD4-deficient mice were significantly higher than those in WT mice at 3 h after injection of LPS/D-GalN (Figure 3a ). Compared with 3 h after injection, serum TNF-a levels decreased approximately 30% at 5 h after injection in PDCD4-deficient mice.
While serum TNF-a levels in WT mice had no significant changes at 3 h and 5 h after injection (Figure 3a) . Therefore, there were no significant differences in the levels of serum TNF-a between PDCD4-deficient mice and WT mice at 5 h after LPS/D-GalN injection (Figure 3a) . The variation tendency of serum IL-6 levels was similar to that of serum TNF-a The effect of PDCD4 on acute liver injury X Wang et al levels ( Figure 3b ). In addition, we found that serum MCP-1 levels in PDCD4-deficient mice were also significantly increased than those in WT mice at 3 h after injection (Figure 3c ). However, the levels of serum proinflammatory cytokines IL-1b, IL-12p70 and anti-inflammatory factor IL-10 were no significant differences between PDCD4-deficient mice and WT mice at the same time point after injection of LPS/D-GalN (Figures 3d-f ).
PDCD4 Deficiency Altered Hepatic Cytokine Levels in LPS/D-GalN-induced Acute Liver Injury
In order to explore the effect of PDCD4 deficiency on the expression of inflammatory cytokines, we further detected mRNA expression of cytokine genes (Tnfa, Il1b, Il6, Mcp1, Il10, Il12p40, Il12p35) in liver tissues by RT-PCR. As shown in Figures 4a-d, 3 h after LPS/D-GalN administration, there was significantly increased expression of proinflammatory cytokines Tnfa, Il1b, Il6 and Mcp1 mRNA in PDCD4-deficient mice. However, anti-inflammatory factor Il10 mRNA expression in PDCD4-deficient mice was also significantly higher than that in WT mice at 3 h after LPS/D-GalN administration ( Figure 4e ). There were no significant differences in the expression of Il12p40 and Il12p35 mRNA between the two groups at the same time point (Figures 4f  and g ).
PDCD4 Deficiency Promotes LPS-induced Activation of MAPK in the Liver
The inflammatory response induced by LPS mainly depends on the activation of MAPK. To understand whether PDCD4 deficiency promotes LPS-induced production and release of inflammatory cytokines by activating the MAPK pathway, we detected the expression of MAPK and corresponding phosphorylated MAPK, including ERK1/2, p-ERK1/2; SAPK/JNK, p-SAPK/JNK; p38 MAPK, p-p38 MAPK in liver tissues of PDCD4-deficient mice and WT mice. The results showed that the expression of hepatic p-ERK1/2 in PDCD4-deficient mice was a little lower than that in WT mice at 0 h after LPS/DGalN injection. Three hours later, p-ERK1/2 levels were both increased, but there was no significant difference between the two groups. At 5 h after administration, p-ERK1/2 levels were significantly higher in PDCD4-deficient mice than WT mice The effect of PDCD4 on acute liver injury X Wang et al The effect of PDCD4 on acute liver injury X Wang et al The effect of PDCD4 on acute liver injury X Wang et al (Figures 5a and b) . p-SAPK/JNK levels were also significantly higher in PDCD4-deficient mice than WT mice at 3 h after LPS/D-GalN injection, and p-SAPK/JNK levels were much higher in both groups at 5 h after injection, but there was no significant difference between PDCD4-deficient mice and WT mice (Figures 5c and d) . In addition, p-p38 levels were significantly increased in PDCD4-deficient mice than WT mice at 5 h after LPS/D-GalN administration (Figures 5e  and f) . Thus, early activation of p-SAPK/JNK at 3 h and late activation of p-ERK1/2, p-P38 at 5 h were associated with aggravated LPS/D-GalN-induced liver injury in PDCD4-deficient mice.
PDCD4 Deficiency Promotes LPS-induced Activation of NF-jB in the Liver
The NF-kB pathway is another important signaling pathway related to LPS-induced production and release of inflammatory cytokines. 13, 20 In order to explore whether the activation of NF-kB can be involved in LPS/D-GalN-induced liver injury in PDCD4-deficient mice, we detected expression of p-p65 by western blot and immunohistochemical analysis. The results of the western blot showed that there was no significant difference in expression of p-p65 between PDCD4-deficient mice and WT mice at 0 h after LPS/DGalN injection (Figures 6a and b) . However, the level of The effect of PDCD4 on acute liver injury X Wang et al p-p65 expression was significantly higher in PDCD4-deficient mice than WT mice at 3 h and 5 h after injection. The results from IHC showed a similar phenomenon (Figure 6c ). Thus, these data indicate that PDCD4 deficiency can promote the LPS-induced activation of NF-kB pathway.
DISCUSSION
Previous studies have shown that PDCD4 is not only a tumor suppressor, [21] [22] [23] [24] but also a regulator in inflammatory processes. 25 It has been reported that the loss of PDCD4 in macrophages attenuates NF-kB activation and promotes IL-10 production in response to LPS, thereby limiting excessive inflammation. 9 On the contrary, some other studies suggest that PDCD4 downregulation increases LPS-induced expression of proinflammatory mediators, such as TNF-a in RAW264.7 cells. 10 Therefore, the exact role of PDCD4 in inflammation remains to be elucidated. The present in vivo study first indicates that compared with WT mice, PDCD4-deficient mice secrete more inflammatory cytokines and have more obvious hepatocyte apoptosis and necrosis in response to LPS/D-GalN, which suggests an inhibitory function of PDCD4 in LPS/D-GalN-induced acute liver injury. After LPS/D-GalN treatment, kupffer cells can secrete various proinflammatory cytokines including TNF-a, IL-1b, IL-6, as well as anti-inflammatory cytokine IL-10. TNF-ainduced hepatocyte apoptosis and necrosis have been identified as the most important mechanism in LPS/D-GalNinduced liver injury. 26 In our current study, an overproduction of proinflammatory cytokines was observed at 3 h after LPS/D-GalN injection. Our results showed that PDCD4-deficient mice had significantly higher hepatic Tnfa, Il6, Mcp1 and Il1b mRNA expression as well as serum TNF-a, IL-6 and MCP-1 levels at 3 h after LPS/D-GalN injection compared with WT mice. However, there was no obvious liver injury at 3 h after injection. At this time point, PDCD4-deficient mice showed slightly lower serum ALT and AST levels and a little higher liver-to-body weight ratios, TUNELpositive cells and caspase-3 activity than WT mice, but they did not achieve statistical significance and there were also no obvious pathological changes in the two groups. Five hours later, the expression of proinflammatory cytokines was not significantly different between PDCD4-deficient mice and WT mice. However, LPS/GalN-induced liver injury was potentiated in PDCD4-deficient mice. Compared with WT mice, PDCD4-deficient mice showed more obvious indicators of acute liver injury, such as increased liver-tobody weight ratios, serum ALT and AST levels, hepatocyte apoptosis or necrosis. The direct effect of apoptosis-related gene PDCD4 on apoptosis has been studied. Most reports showed that PDCD4 was a pro-apoptosis gene. [27] [28] [29] [30] However, recently a study showed that PDCD4 was an antiapoptotic regulator that inhibited the translation of procaspase-3 mRNA in cells. 31 In our study, there was no significant difference in hepatocyte apoptosis between PDCD4-deficient mice and WT mice at 0 h after LPS/D-GalN injection. Therefore, our results indicate PDCD4 deficiency increases the production of proinflammatory cytokines, these cytokines in turn promote hepatocyte apoptosis. In addition, we found increased IL-10 expression in PDCD4-deficient mice at 3 h after LPS/D-GalN injection. This may be the reason that there was no significant difference in the expression of proinflammatory cytokines between PDCD4-deficient mice and WT mice at 5 h after LPS/D-GalN injection. Taken together, our results indicate that the lack of PDCD4 induces aggravation of liver injury, which may be mediated by the mechanism depending on early proinflammatory cytokine production in response to LPS.
In LPS/D-GalN-induced acute liver injury, production of TNF-a, IL-6 and IL-1b mainly depends on the activation of two distinct signaling pathways, including MAPK and NF-kB pathways. LPS activates kupffer cells by initiating the TLR4 signaling cascade, 32, 33 induces the production of inflammatory cytokines via MyD88-dependent activation of MAPK (ERK1/2, JNK1/2 and p38) and NF-kB pathways. 34 PDCD4, which acts as a translation inhibitor, 35, 36 has been reported to inhibit c-Jun activation and AP-1-dependent transcription by downregulating the expression of MAPK kinase kinase kinase 1/hematopoietic progenitor kinase 1, a kinase upstream of JNK. 37 This result indicates PDCD4 participates in the regulation of the MAPK pathway in tumors. 38, 39 In our present study, we first demonstrate that PDCD4 deficiency promotes activation of the LPS-mediated MAPK pathway. Our results showed that the level of hepatic p-JNK1/2 was significantly higher in PDCD4-deficient mice, and the levels of inflammatory cytokines were also obviously increased in PDCD4-deficient mice at 3 h after LPS/D-GalN injection. Thus, the early activation of JNK1/2 may promote the release of inflammatory factors in PDCD4-deficient mice. It has been reported that SP600125, an inhibitor of JNK, attenuated LPS-induced liver injury, 15, 40 and JNK knockout mice resisted TNF-a-induced liver injury. 15, 41, 42 This data indicate the activation of JNK also promotes hepatocyte apoptosis and liver injury. At 5 h after LPS/D-GalN injection, the levels of p-ERK1/2 and p-p38 were much higher in PDCD4-deficient mice than WT mice, which may be because increased inflammatory factors such as TNF-a further accelerate the activation of ERK1/2 and p38. Previous studies showed that TNF-a induced the activation of ERK1/2 and p38 and regulated cell proliferation, differentiation and apoptosis. 43 The activation of ERK and P38 has both proapoptotic and antiapoptotic functions in TNF-a-mediated apoptosis depending on cell type or model of injury. An increasing number of studies have demonstrated that activation of ERK1/2 is associated with tissue injury including liver etc, 44, 45 but it is also reported that ERK1/2 promotes cell survival. 15 Our results showed that the level of p-ERK1/2 was significantly higher in PDCD4-deficient mice and obvious hepatocyte apoptosis occurred at 5 h post LPS/D-GalN treatment. Therefore, ERK may have a proapoptosis and pro-death role at a later time
The effect of PDCD4 on acute liver injury X Wang et al point in LPS/D-GalN-induced liver injury, and the higher levels of p-ERK1/2 in PDCD4-deficient mice aggravate LPS/ D-GalN-induced hepatocyte apoptosis and liver injury. In addition, it has been reported that hepatocyte p38a deficiency promoted LPS-induced apoptosis of hepatic cells, 46 whereas p38 inhibitor SB203580 protected mice from LPS-induced liver injury through antioxidative stress mechanisms. 40 Our results showed that level of p-p38 was higher in PDCD4-deficient mice than WT mice at 5 h after injection, which is associated with aggravated LPS/D-GalN-induced hepatocytes apoptosis and liver injury. Taken together, our results indicate that the loss of PDCD4 facilitates LPS/D-GalN-induced activation of JNK, increases the production and release of inflammatory cytokines such as TNF-a, which further promotes the activation of ERK and p-38 and leads to the aggravation of hepatocyte apoptosis and necrosis.
The NF-kB pathway is another important signaling pathway participating in LPS-induced inflammatory cytokines release. 13, 20 PDCD4 not only controls gene transcription by regulating AP-1, 47, 48 but also affects the expression of cytokines by regulating the NF-kB pathway. 9 It has been reported that the loss of PDCD4 inhibits the activation of NF-kB and promotes the production of IL-10 in macrophages after LPS treatment. 9 The effect of PDCD4 on NF-kB activation is not due to modulation of the IKK complex and is probably JNK activation to be impaired in response to LPS. 9 However, our present study showed that the levels of p-p65 and p-JNK were significantly higher in PDCD4-deficient mice, and the levels of inflammatory cytokines were also obviously increased in PDCD4-deficient mice at 3 h after LPS/D-GalN injection. Therefore, PDCD4 deficiency may promote LPS-induced activation of JNK, NF-kB and release of inflammatory cytokines, and PDCD4 may have an inhibitory effect on the activation of NF-kB in our model. In addition, at 5 h after LPS/D-GalN injection, the level of p-p65 was still significantly higher in PDCD4-deficient mice than WT mice. The further activation of p65 may be due to the increased release of inflammatory cytokines. In particular, TNF-a can initiate a downstream death-receptor pathway and NF-kB pathway. The activation of NF-kB pathway also regulates antiapoptotic proteins and protects cells from TNF-a-induced apoptosis. 41, 49 Defective NF-kB signaling causes severe hepatocyte apoptosis and uncontrolled TNF-a toxicity. 50 Therefore, our results indicate that the loss of PDCD4 enhances the activation of p65, which may promote the release of inflammatory cytokines. The increased levels of cytokines further promote the activation of NK-kB and have a negative-feedback role in TNF-ainduced apoptosis.
In conclusion, the current study shows an inhibitory action of PDCD4 in LPS/D-GalN-induced acute liver injury and some molecular mechanisms have been found: the loss of PDCD4 increases the sensitivity of liver injury and hepatocytes apoptosis by promoting the production and release of inflammatory cytokines, and this action is mediated by the excessive activation of the MAPK and NF-kB pathways. Thus, PDCD4 appears to have a protective role in LPS/D-GalNinduced acute liver injury. This finding might present new opportunities for PDCD4 to be explored as a therapeutic target in acute liver injury.
